A field experiment was done for two consecutive years from 2010-11 to 2011-12 with two varieties of wheat and ten treatments of fertilizer, involving NPK, FYM and micronutrient, with an objective to maximize the crop yield. Results showed that variety DBW 17 recorded significantly higher grain yield (4.93 %), straw yield (6.31%) and HI (1.12%) as compared to DPW 621-50. There was no significant difference in yield attributes between two varieties. Application of 150 % recommended NPK fertilizers produced the maximum grain yield (6.10 t ha -1 ), which was 7.7 % higher over the 100% NPK fertilizers, followed by 15 t ha -1 FYM application along with 150 (5.98 t ha -1
INTRODUCTION
In India, wheat (Triticum aestivum L.) is the second most important food crop after rice, with an average yield of 3.07 t ha -1 as recorded in 2013-14 and in Punjab the yield was 4.85 t ha -1 . Scope exists to maximize spring wheat productivity with the use of higher rates of chemical fertilizers. In India, present day cultivated spring wheat varieties are cultivated with use of moderate level of N (120 kg ha -1 ). These spring wheat cultivars, however, tend to lodge when exposed to higher levels of fertilization of 180 kg N ha -1 or more (Tripathi et al., 2004) . Consequently, the realizable yields of present varieties even under the best management are pegged at 5.0 to 5.5 t ha -1 only. Farmers in India have started using N rates beyond 150-180 kg ha -1 to realize higher yields, but this creates a probability of lodging. To avoid lodging sometimes farmers skip the last irrigation (Hobbs et al., 1997) , which is crucial for grain filling and ultimately limiting the wheat yield. This is practiced in India due to high wind velocity during grain filling period, flat system of planting, application of flood irrigation and non-availability of lodging resistant genotypes with higher N application. Increasing the nitrogen doses beyond a certain limit induces the lodging and ultimately affecting the grain yield and its attributes. The grain yield reduction ranges from 7 to 35 % due to culm lodging with the greatest effect when it occurs within the first 20 days after anthesis (Fischer and Stapper, 1987) and up to 8.9% in high yielding wheat varieties even after 25 days after anthesis (Tripathi et al., 2004) . Lodging behavior of wheat at different N levels was studied by Kheiralla et al. (1993) from Egypt and they reported increased lodging from 3 % at lower N application (125 kg ha -1 ) to 33 % at higher N application (275 kg ha -1 ). Integrated use of organic and inorganic sources of nutrient may support enhanced yield of wheat (Kumara et al., 2013) .
To meet the increasing "food grain needs" it is imperative to maximize wheat yield through use of higher N levels and suitable genotypes having consistent stable performance at high level of nitrogen. Hobbs et. al. (1997) pointed out that a wheat crop requires more than 300 kg of N for a target grain yield of 7 t ha -1 . The authors assumed that the soils have a capacity to produce at least 2 t ha -1 grain yield without N application with a 50 % N use efficiency. Therefore, it is important to formulate the best management practices in order to achieve the maximum possible grain yield. The present study was carried out with the objective of achieving the maximum yield of different varieties of wheat through integrated use of farm yard manure and chemical fertilizers including micronutrients and varieties.
MATERIALS AND METHODS
A field study was conducted for two consecutive years from 2010-11 to 2011-12 -1 ), containing 0.5 % nitrogen, was incorporated into the soil at the time of field preparation. Wheat seeds were sown at a rate of 100 kg ha -1 during the first week of November each year. All of phosphorus (as DAP), potassium (as MOP) and 1/3rd nitrogen (as urea) were applied at the time of sowing as basal dose; the second 1/3rd N was applied at first node stage (40 DAS) and the remaining 1/3rd N was supplied at booting stage. Micronutrients spray @ 0.5% each (Zn, Fe, Cu and Mn mixed) was done at booting stage. Weeds were controlled by use of sulfosulfuron at 25 g ha -1 in 400 liters water at 30-35 DAS. Irrigation was done as per need of the crop. Lodging was recorded as a % of net plot area. Biomass, grain yield and yield attributing parameters were recorded and analyzed on yearly as well as pooled basis. Agronomic efficiency (kg grain kg -1 fertilizer) was calculated as per standard procedure and contribution from FYM i.e. 75 kg N was considered to the total fertilizer. The grain yield from control plot was subtracted from the treatments and then divided by added fertilizer for calculating agronomic efficiency.
RESULTS
Varietal difference in grain yield, straw yield and HI was significant whereas yield attributing parameters like earhead m -2 , grains earhead -1 and 1000-grain weight and grains m -2 were comparable between two varieties. Pooled analysis showed that variety DBW 17 recorded significantly higher grain yield (4.93 %), straw yield (6.31%) and HI (1.12%) as compared to DPW 621-50. The variety DBW 17 produced significantly higher grain yield, straw yield and HI (Table 1) . On the basis of pooled analysis, the maximum grain yield was recorded at 150 % NPK application (6.10 t ha -1 ) followed by 15 t ha -1 FYM application along with 150 (5.98 t ha -1 ) and 125 % (5.96 t ha -1 ) NPK application ( Table 1 ). The grain yield recorded at 150 % NPK application was significantly higher than the yield noted in all combinations of 100 % and 125 % NPK applications except at 15 t ha -1 FYM along with 125 % NPK application. There was no significant effect of micronutrient application on grain yield. All the treatments gave significantly higher grain yield over control in both years. Generally, the grain yield in 2011-12 across the treatments and varieties was higher than that in 2010-11. Straw yield was the maximum (11.68 t ha -1 ) at 150% NPK along with 15 t ha -1 FYM application followed by same level of NPK with micronutrient (11.31 t ha -1 ). Generally, increasing the NPK level has increased the straw yield particularly with the treatments of 150 % NPK application as compared to recommended fertilizer applications. Straw yield was higher in 2010-11 than in 2011-12 whereas trend in grain yield was just reverse. Maximum harvest index (0.375) was obtained with 100 % NPK application followed by 125 % NPK application (0.370). Generally, harvest index in 2011-12 was higher than that of 2010-11. This might be the reason for higher grain yield in the second year. On pooled basis, application of 150 % NPK resulted in the maximum and significantly higher earhead m -2 (557) compared to the other treatments except 150 % NPK +15 t ha -1 FYM + micronutrient application (526). There was an increase in number of earhead m -2 with application of 150 % fertilizer than 100 and 125 % fertilizer applications. In the first year (2010-11), the number of earhead m -2 was higher than in the second year . Recommended fertilizer application has produced the maximum (32.73) grains earhead -1 followed by 150 % NPK + 15t ha -1 FYM application (32.49) as compared to other treatments. The number of grains earhead -1 was higher during 2011-12 in all cases (Table 2) . This was probably due to the reason that earhead m -2 was lower in 2011-12 than in 2010-11. The maximum 1000-grain weight (38.69 g) was recorded with application of 100 % NPK along with 15 t ha -1 FYM application followed by 100% NPK application alone (38.52 g). Generally, the 1000-grain weight in 2011-12 was higher than in 2010-11 across the treatments. The number of grains m -2 was the maximum with application of 150 % NPK (16759) followed by same treatment with addition of 15 t ha -1 FYM (16215). On the other hand lowest grains m -2 was recorded with recommended dose of fertilizer +15t ha -1 FYM + micronutrient application (13910). Some lodging was observed during both the years under study and more prone during the first year of study. Maximum lodging was observed in micronutrient applied treatments at 100, 125 and 150 % NPK application during 2010-11. The maximum agronomic efficiency was obtained with recommended dose of fertilizer application (13.64 kg grain kg -1 fertilizer). Increasing fertilizer rates decreased the agronomic efficiency. Addition of 15 t ha -1 FYM also resulted in decreased agronomic efficiency due to 75 kg N addition in these treatments (0.5 % N in FYM). In 2011-12, the agronomic efficiency for all the treatments was higher than in 2010-11 due to higher grain yield (Table 3) . 
DISCUSSION
Yield of a crop could be maximized when there is no limiting factor affecting the yield whether biotic or abiotic factor (s) during the entire crop cycle. This is an ideal situation, which seldom occur in the nature. Generally, inputs are applied when there is a visible symptom of any deficiency particularly nitrogen and irrigation. In the present study, variety DBW 17 was a head of DPW 621-50 in terms grain yield (4.93 %), straw yield (6.31 %) and HI (1.12%). Varietal differences in grain yield were also reported by Tripathi et al. (2004) . Application of 150 % NPK resulted in 7.7 % increase in grain yield than the recommended fertilizer dose and the next best yielding treatment was 15 t ha -1 FYM application + 125 % (5.96 t ha -1 ) or 150 (5.98 t ha -1 ) NPK applications. This shows that there is a need to re-look at the recommended fertilizer doses and use of FYM for maximizing wheat yield. In comparison to 150% NPK alone, application of FYM 15t ha -1 along with 150% NPK could not increase the grain yield, however, biomass was increased which is reflected in higher straw yield. This might be due to fact that photosynthates may not be translocated to grain yield as evident from lower HI, despite similar lodging behavior. Similar results were reported by Dekhane et al. (2015) . These results might be due to that organic manure improves soil properties and causes slow release of nutrients from fertilizers (Sharma et al., 2015) . During the 2011-12 crop cycle, grain yield was higher than 2010-11 due to higher 1000-grain weight, HI and grains earhead -1 across the treatments. In the second year (2011-12), the crop produced less number of earhead m -2 than previous year of study. Approximately 2 0 C lower average minimum temperatures in February and March were recorded during 2011-12 crop cycle as compared to 2010-11 (Figure 1 ). This might be a reason for higher productivity and high yield attributing parameters particularly 1000-grain weight, HI and number of grains earhead -1 during the second year of experimentation. Additionally, low grain yield during the first year of study was owing to lodging in many plots as compared to the second year of study. The maximum lodging was observed to the tune of 26.4 % which reduced the grain yield up to 9.9 % as compared to the maximum grain yield. This confirms earlier finding that lodging of crops reduces the grain yield to a great extent (Kheiralla et al., 1993 and Tripathi et al., 2004) . Agronomic efficiency decreased as fertilizer doses were increased. The decrease in NUE with increasing fertilizer rates can be attributed to the rise of grain yield less than the N supply in soil by fertilizer application (Lopez-Bellido and Lopez-Bellido, 2001 ).
CONCLUSION
The study revealed that there were no limiting factors during the crop cycles except lodging. Higher rate of fertilizers i.e. 150 % recommended rate (100%) increased the grain yield of wheat despite the lodging problem. It is suggested that breeders should develop more robust and lodging resistant genotypes responsive to higher soil fertility levels for maximizing the wheat grain yield. Lower minimum temperature prevailing during grain filling period in the second year of experimentation increased the grain yield due to higher 1000-grain weight and number of grains earhead -1 . Inclusion of FYM with chemical fertilizer resulted in lower agronomic efficiency.
